Background: Alzheimer disease (AD) aggregates in families.
A LZHEIMER DISEASE (AD) aggregates in the families of patients with both earlyand late-onset disease. 1, 2 Genetic or environmental factors such as collective exposure to occupational hazards or viral or other infections may explain familial aggregation of AD. [3] [4] [5] Mutations in 3 genes on chromosomes 1, 14, and 21 result in an autosomal dominant form of AD with early onset. [6] [7] [8] The ⑀4 isoform of the apolipoprotein E gene on chromosome 19 is also associated with increased risk for AD. 9, 10 However, the familial distribution of lateonset AD is seldom consistent with a simple mendelian model of inheritance.
Various studies [11] [12] [13] [14] [15] [16] have evaluated familial aggregation of AD in both clinic-and population-based samples, and estimates of the lifetime risk of AD in first-degree relatives range widely, from 17% to 67%. Population-based studies 17 are a more accurate reflection of familial aggregation of AD than clinic-based samples because the latter tend to be biased toward families with multiple affected members. Although some large population studies such as the Canadian Study of Health and Aging 18 and others 19, 20 have evaluated familial aggregation of AD predominantly in whites, familial aggregation of AD has not yet, to our knowledge, been investigated in a multiethnic urban population.
We used the "reconstructed cohort" approach to investigate familial aggregation, estimating the cumulative risk of AD in first-degree relatives of patients with AD compared with first-degree relatives of controls without dementia. The alternative method is to compare the proportion of patients and controls with a family history of AD (ie, Ն1 affected relative). The reconstructed cohort method yields better power and allows control for the characteristics of relatives (eg, age, sex) that may influence the risk of AD.
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POPULATION
Patients and controls were part of a community-based, epidemiologic study of aging and dementia in Manhattan. As previously described, 24, 25 a random sample of 50% of all persons older than 65 years, residing in the area and receiving Medicare, was obtained from the Health Care Finance Administration (HCFA). All persons were sent a letter from HCFA explaining that they had been selected to participate in a study of aging by investigators at Columbia University, New York, NY. Participation rate was 68% in the HCFA-based random sample and did not differ by ethnic group. The sample was enriched by participants from a previously established dementia registry, which included patients with AD and controls from the same community. A more detailed description of the dementia registry is provided elsewhere. 24 Recruitment in both the HCFA-based random sample (73.3%) and the dementia registry (26.7%) was carried out without regard to family history status, and participants were not aware of the goals of this particular study. All individuals provided informed consent for an ongoing longitudinal study on aging. Ethnicity was classified by participants' self-reports as described previously 25 into white, African American, and Hispanic. Using the 1990 US Census questionnaire as a guide, participants were asked if they considered themselves white, black, or other, and then asked if they were Hispanic. 26 If Hispanic, the country in which they were born was queried. Most (84.2%) of those classified as Hispanic were of Caribbean origin, predominantly from the Dominican Republic, with the remainder from Mexico and Central America.
DIAGNOSIS IN PATIENTS AND CONTROLS
All patients and controls received structured neurologic and functional assessments by physicians, and a 1 1 ⁄2-hour neuropsychological battery, encompassing memory, language, abstraction, and orientation subtests, administered by trained testers. 27 The diagnosis of probable or possible AD was made by a consensus group of neurologists and psychologists after review of these assessments, independent of family history. Controls were defined as participants without evidence of cognitive impairment on neuropsychological examination or a neurologic disorder. Patients were defined by National Institute of Neurologic and Communicative Diseases and Stroke and the Alzheimer's Disease and Related Disorders Association criteria to be anyone with probable or possible AD, 28 including those with very mild AD (clinical dementia rating scale score of 0.5). 29 
FAMILY HISTORY QUESTIONNAIRE AND DIAGNOSIS IN RELATIVES OF PATIENTS AND CONTROLS
After the consensus conference established the presence or absence of AD, informants for the patients, who were most often spouses, children, or siblings of patients, received a previously validated, structured family history interview over the telephone. 23 Controls were interviewed directly. Demographic characteristics for each first-degree relative were collected. Screening questions for AD were "Did (does) this person have memory problems or AD?," and "Was (is) this person unable to care for himself/herself?" If either screening question was endorsed, the following questions were then asked:
1. Did the person have a gradual and progressive loss of memory?
2. Was the person confused and disoriented most of the time?
3. Did the person have difficulty recognizing family members?
4. Was the person seen by a physician for this condition? Was the diagnosis AD?
5. Was the person seen by a neurologist or a psychiatrist for this condition? Was the diagnosis AD?
6. Was there an autopsy indicating AD? An algorithm was created to generate the final diagnosis of probable AD for each first-degree relative. If questions 1 through 3 were answered no, the relative was classified as unaffected. If only 1 of these questions was answered affirmatively, the relative was classified as doubtful and included in the analysis as unaffected. If at least 2 of the 3 questions were answered affirmatively or if the person had been diagnosed as having AD (questions 4-6), the relative was classified as affected.
DATA ANALYSIS
We used 2 analysis and the t test to evaluate differences in demographic characteristics between patients, controls, and their relatives. We excluded relatives whose current age or age at death was 29 years or younger, and all children of patients and controls. There were too few children 30 years or older to evaluate separately. We estimated the rate ratio (RR) for AD among first-degree relatives of patients and controls using a maximum likelihood-based survival analysis model with double censoring for missing information. 24 Left censoring was applied when a relative was known to have AD but the onset date was unknown (prevalent cases). Right censoring was applied when AD was never diagnosed in a relative, or when the relative died before diagnosis of AD. The current age or age of death of the relative, or the actual age at onset of AD as reported by the informant, was used when available.
This maximum likelihood method allowed the entire sample of relatives to be used to estimate the cumulative incidence and RR of AD in the first-degree relatives of patients vs relatives of controls. 24 The RR was also computed after adjusting for the independent effects of sex of proband and relative, ethnicity, relationship to proband (parent or sibling), and education of the proband as both a dichotomous (Յ8 years or Ͼ8 years) and a continuous variable. The median value for education in the population was 8 years.
We used the proband's educational value as an approximation for the relative's value because for many relatives this value was unknown by the informant. When the education variable was not missing in the relative, it correlated well with the proband's education ( Table 1 ). In addition, in a prior study 23 of this population, the proband's educational level correlated highly with that of both the relative and the informant (PϽ.001).
ARCH NEUROL / VOL 57, JAN 2000 We wished to assess the familial aggregation of AD in an urban population of whites, Caribbean Hispanics, and African Americans, and to compare the cumulative incidence of AD to the age of 90 years in relatives of patients and controls. We examined the influence of the proband's education and the relative's sex on the risk of AD in relatives of patients and controls because both have independent effects on risk for AD 15, 21, 22 and may affect the accuracy of reporting of AD. 23 
RESULTS
Among 9612 parents and siblings of patients with AD and controls with family history information, 4083 (42.5%) were excluded because they were 30 years or younger at the time the family history was obtained or had died at or before the age of 30 years. Thus, 5529 relatives were included in the analysis, 1577 (28.5%) of whom were relatives of 435 patients with AD (relatives per patient, 3.6), and 3952 (71.5%) were relatives of 1094 controls without dementia (relatives per control, 3.6) ( Table 1 ). Of the relatives in the present study, 12.1% were aged 31 to 49 years, 12.6% were 50 to 59 years, 47.2% were 60 to 79 years, 19.5% were 80 to 89 years, and 8.7% were 90 years or older. White relatives were older than African American and Hispanic relatives among both controls (whites, 70 years; African Americans, 67 years; and Hispanics, 68 years; PϽ.02) and patients (whites, 72 years; African Americans, 67 years; and Hispanics, 70 years; P = .003).
Controls were younger than patients, more educated, and more likely to be male and white. Relatives of controls were also younger and more educated than relatives of patients but had equal proportions of men and women. Probands and their relatives had similar years of education (Table 1) .
A higher proportion of relatives were parents in the control group (49.1%) than in the patient group (42.4%) ( Table 1) . Age (mean ± SD) at death for parents of patients was 71 ± 16 years, and for parents of controls, 70 ± 17 years. Age (mean ± SD) of death for siblings of patients was 68 ± 15 years, and for siblings of controls, 66 ± 14 years.
Adjusted and unadjusted RRs for the algorithmderived diagnosis of AD in relatives given the proband's disease status (patient or control) and relative's sex are shown in Table 2 . Overall adjusted RR for AD among relatives of patients compared with relatives of controls was 1.5 (95% confidence interval [CI], 1.2-1.9, P = .001). Female relatives were at higher risk for AD than were male relatives (RR, 1.5; 95% CI, 1.2-1.9, PϽ.001). The RR for AD in relatives of patients vs relatives of controls was elevated among whites (RR, 2.0; 95% CI, 1.2-3.3, P = .003) and Hispanics (RR, 1.5; 95% CI, 1.1-2.1, PϽ.001); among African Americans, the increased RR did not reach statistical significance (RR, 1.4; 95% CI, 0.7-2.7, P = .36) ( Table 2 ). Adjusted RR was not affected by treating education as a continuous rather than a dichotomous variable.
Risk was increased 1.8-fold (P = .004) in siblings of patients compared with those of controls, but only 1.2fold (P = .19) in parents of patients compared with parents of controls ( Table 3 ). Among Hispanics, however, there was a 1.6-fold (P = .04) significantly increased risk among parents. The RR in siblings was greater in whites (3.8, PϽ.001) than in either African Americans (1.6, P = .4) or Hispanics (1.3, P = .2). In all 3 ethnic groups, RRs for AD in relatives of AD patients vs controls were similar in relatives of probands with 8 or more years of education and less than 8 years of education ( Table 3) .
Siblings of patients were at higher risk than those of controls at later years (ages 75-90 years) (Figure 1) , whereas parents of patients were at higher risk than those of controls in earlier years (ages 65-80 years) (Figure 2 ). Cumulative incidence in relatives of patients was 1.9% by the age of 65 years, 5.8% by 75 years, 15.0% by 85 years, and 25.9% by 90 years. In relatives of controls, cumulative incidence was 2.7% by the age of 65 years, 4.4% by 75 years, 9.8% by 85 years, and 19.1% by 90 years.
Evaluating the data from the proband's perspective, 18.9% of patients with AD and 14.8% of controls reported a family history of AD in a parent or sibling (whites, 22.8% vs 18.5%; African American, 12.7% vs 10.4%; Hispanics, 20.8% vs 14.2%). Five percent of patients reported a family history in 2 or more first-degree relatives compared with 1.4% of the controls (PϽ.001). 
COMMENT
In this community-based study of an urban, multiethnic population, we found a 50% increased risk for AD among first-degree relatives of patients with AD compared with first-degree relatives of cognitively normal controls. This elevated RR for AD was present in all 3 ethnic groups included in the study but was not significant in African Americans due to the smaller numbers of subjects. The increased RR for AD was present primarily in siblings among whites, and in both siblings and parents of Hispanics. Among relatives of patients and controls combined, women had a 50% greater risk for AD than men.
In a previous analysis of family history data in this community, 23 investigators found that the sensitivity of reporting of a family history of AD increased from 28.6% to 71.4% and the specificity from 83.3% to 100.0% for AD probands as their educational level increased. We therefore adjusted for the proband's education as a confounder in all our analyses.
The lower RRs among African American and Hispanic siblings could be due to lower levels of education in these 2 groups, resulting in greater misclassification of family history and bias toward the null hypothesis. However, stratification on education allowed us to reject this possibility because the greater RR in white siblings was observed within families of both probands with 8 or more years of education. The difference across ethnic groups may be explained by some other, unmeasured factor associated with reporting of a family history of dementia.
Previous studies 5, 18, 19 have also reported higher risk in female than male relatives, and increased risk for AD among siblings compared with parents. In 2 large popu-lation-based studies 18, 19 of primarily white subjects, as well as a reanalysis of 7 case-control studies, 5 risk for AD among relatives of patients was 3.6 compared with relatives of controls.
Differences in methods may partly explain our more moderately increased RRs. All our patients and controls had neuropsychological batteries rather than Mini-Mental State Examinations. The family history questionnaire was administered by a tester rather than selfadministered as in one of the studies. 18 We also used a stringent algorithmic approach to diagnose AD in relatives. Our population was younger and less educated than other population-based studies. If the RR of AD is manifest primarily among siblings and becomes greater with age, as we found, then one would expect a greater RR in older populations.
We chose to use stringent criteria for diagnosis of AD in a relative with our algorithm. In preliminary analyses, we evaluated the use of very liberal, liberal, and stringent criteria for a diagnosis of AD in the relative. We found that when we used liberal criteria to diagnose AD in the relative, the RR decreased, probably secondary to the increased misclassification of relatives. Thus, we chose to use more stringent criteria for diagnosis of AD in the relative.
We found that the cumulative incidence of AD among the relatives of patients was 2% by the age of 65 years, 6% by 75 years, and 26% by 90 years. This is comparable to a population-based study by Hirst et al 30 of firstdegree relatives of AD patients with risks for AD of 2% by the age of 65 years, 6% by 75 years, and 23% by 88 years. At least 1 clinic-based, case-control study 15 found a risk for AD in relatives of patients to be 25% by the age of 86 years, whereas other clinic-based studiesincluding our own-have reported higher rates of 40% to 50% by the age of 87 years. [11] [12] [13] [14] 16, 31 However, clinic- based samples may have an overrepresentation of patients with a positive family history. The increase in RR for AD among parents of patients at earlier ages may be explained by recall bias. Informants may be less likely to report AD in elderly parents than in younger parents. Information regarding siblings of the same generation as the informant would be less likely to be affected by such a bias. Our results are similar to the collaborative reanalysis of familial aggregation studies by Van Duijn et al, 5 which showed a greater increased risk in siblings than in parents of patients.
Regardless of the disease status of the proband, female relatives had higher risk for AD than male relatives. This supports the finding by Farrer et al 4 of higher risk among female than male relatives of patients with AD. A large population-based study 21 of women older than 75 years found that the age-adjusted odds ratio for incident AD among women compared with men was 3.1.
Overall, we found evidence for familial aggregation of AD in all 3 ethnic groups studied. Among African Americans and whites, RRs tended to be higher in siblings than in parents, which was similar to other studies, 5 whereas among Hispanics, RR was similar for parents and siblings. As in other studies, 4,21 we found a higher risk for AD in women among all 3 ethnic groups.
Our results need to be interpreted with caution due to some limitations. Since white relatives were older, on average, than African American and Hispanic relatives, the RRs among ethnic groups may have differed slightly. Family history data were obtained from informants for patients and from direct interviews with controls, possibly leading to lower sensitivity of the data for patients than for controls. However, family information bias would possibly result in higher sensitivity of family history in patients than in controls. It is unclear what effects these 2 opposing forces may have had on our RR estimates. In a prior validation study 23 of our family history method, the investigators found that sensitivity of family history data was reasonably high (64%) among relatives of patients; however, that study did not evaluate sensitivity among relatives of controls.
We did not collect data on informants and, thus, could not control for differences in informant characteristics among ethnic groups. However, we did adjust for level of education of the proband (which correlates well with that of the informant) and found that, at higher levels of education, the sensitivity of family history among disparate informant groups was similar. Finally, we could not completely control for factors such as cultural awareness and socioeconomic status that might have influ- enced the reporting of AD among ethnic groups. However, we attempted to adjust for these confounding factors by including education and sex of both the proband and the relative in all our analyses.
